Four experiments were carried out at the São Paulo State University, Brazil, with the aim of determining the agronomic viability of intercropping tomato and lettuce, under greenhouse conditions. The studied intercropping systems were established by transplanting lettuce at 0, 10, 20 and 30 days after transplanting (DAT) tomato and by transplanting tomato at 0, 10, 20 and 30 DAT lettuce. Intercropped tomato and lettuce were evaluated during two seasons and compared to their sole cropping. The experimental design was a randomized complete block with nine treatments. The productivity and the classification of the tomato fruits were not influenced by having lettuce intercropped with it, but lettuce production was lowered when tomato was intercropped with it. The longer the delay in lettuce transplanting, the greater the reduction in its productivity. There was an effect of cropping season on the extent of the agronomic advantage of intercropping over sole cropping. In the first cropping season, intercropping established by transplanting lettuce during the interval between 30 days before up to 20 DAT tomato yielded land use efficiency (LUE) indices of 1.63 to 2.22. In the second period, intercropping established with the transplanting of lettuce up to 30 days before tomato yielded LUE indices of 1.57 to 2.05.
INTRODUCTION
The growing demand for vegetables of high quality and likely to be found year-round in the market has contributed to investments in new cropping systems that permit the production of these vegetables in different regions, as well as under adverse environmental conditions. In Brazil, growing vegetables in greenhouses has won a place among growers due mainly to the relative ease of handling the cropping conditions when compared to conventional systems in the open field (Carrijo et al. 2004 ).
Vegetable growers, however, concern themselves not only with productivity and the quality of the desired product, but also with the way to achieve it. The modus operandi should include planning to promote the reduction of costs in the production of vegetables, as well as to lower the impact on the environment. The repercussions will be noticed in the greater competitiveness of both product and producer in the market, as well as in the higher sustainability of the system.
In the last years, there was a great increase in the considering the relations between agriculture and the environment, natural resources and food quality (Ehlers 1999) . In the past, growth in food production was 1110 ARTHUR B. CECÍLIO FILHO, BRÁULIO L.A. REZENDE, JOSÉ C. BARBOSA and LEILSON C. GRANGEIRO achieved by using more land and, more recently, by the increase in productivity. Although the important contribution of these two tools should not be forgotten, intercropping can contribute directly and/or indirectly to the modern view of Agriculture, in addition to having special advantages related to the reduction of environmental impact and increased yields.
According to Trenbath (1975) , in the former days, intercropping was preferred by farmers over sole cropping. The modernization and industrialization of Agriculture, which are necessary to increase food production, are thought to be the main causes of the preferential sole cultivation of several species. Nowadays the intercropping procedure is being reevaluated due to advantages pointed previously (Oliveira et al. 2005) . Considering that the productivity of a crop is limited by the amount of resources and is mainly determined by how efficiently the crop can use them, the species composing an intercropping should be contrasting in some of their agrobotanical characteristics, such as size, architecture, cycle, growth rate, demand for nutrients, demand for light, etc.
Tomato and lettuce are of great economic importance in Brazil's vegetable market. They were chosen for this study because they match the very important, and perhaps the most important, criterion for achieving success under intercropping conditions, i.e., they are contrasting. Thus, one of the reasons for this choice of crops was to exploit their temporal and/or spatial complementarities.
Lettuce is a leafy vegetable cultivated nowadays in Brazil in an area of approximately 35,000 hectares. Among the groups of lettuce, the crisp variety without head formation is predominant in Brazil and represents about 70% of those found in the market (Costa 2005) . Regarding tomatoes, Brazil, with a cultivated area of 56,986 ha, produced 3,347,650 t in 2004, this being the 8th highest production among the major producing countries (AGRIANUAL 2005) .
The only scientific report on the intercropping of these two vegetables found in the literature is the one by Rezende et al. (2005) . According to Debarba (2000) , mentioned by Souza and Resende (2003) , the association with tomato is beneficial for lettuce. However, this author did not mention the type of effect, if any, of lettuce on tomato. Rezende et al. (2003) determined the effect of aqueous extracts (0, 5, 10, and 100% w/v) obtained from leaves of tomato plants of different ages (0, 14, 28, and 42 DAT) on seeds and seedlings of lettuce. No significant reduction was found in root dry matter (except for the leaf extract of 28 DAT tomato plants) and dry matter of the aerial part (except for the leaf extract of 42 DAT plants) of lettuce seedlings when the concentrations of the aqueous extracts were 5 and 10%, in relation to those treated with distilled water. Similar results were obtained for the germination characteristics of seeds, length of roots and number of leaves of lettuce. However, with an 100% extract, the large majority of evaluated characteristics showed significantly lower values compared to the results with 5 and 10%, extracts and distilled water. On the other hand, the allelopathic effect, which may be caused by exudation, volatilization, leaching or decomposition (Rice 1974), may occur -though to a lesser extent -when plants are growing in the field. Rezende et al. (2005) observed that, in the intercropping of tomato and lettuce, the productivity of tomato was not reduced by lettuce in any of the times when intercropping was established (transplanting lettuce at 0, 14, 28, and 42 DAT tomato). It was also verified that the presence of lettuce did not influence the classification of tomato fruits in relation to sole cropping. On the other hand, the authors observed that there was a decrease in the accumulation of fresh and dry weight of lettuce when intercropped with tomato, and that this negative effect increased when transplanting of lettuce was more delayed in relation to that of tomato.
Based on considerations these, four greenhouse experiments were carried out with the aim of determining the agronomic viability of intercropping lettuce and tomato in comparison to sole cropping, with this viability measured by the index of land use efficiency (LUE).
MATERIALS AND METHODS
The four experiments were carried out in two greenhouses of the arched roof model with a wall height of 3 m, covered with a transparent polyethylene sheet of low density and thickness of 150μm activated against ultraviolet rays. The greenhouses are located at the UNESP campus of Jaboticabal, state of São Paulo, Brazil, at 575 m high, 21 • 15 22 S longitude and 48 • 15 58 W latitude.
The climate of Jaboticabal is classified as subtropical, rainy during the Summer and relatively dry in the Winter. The annual means for precipitation and temperature and maximal and minimal temperatures are, respectively, 1424.6 mm, 22.2 • C, 28.9 • C and 16.8 • C. The soil of the area corresponds to an eutroferric red latossol with a very clayey texture, moderately kaolinitic-oxidic, and the topography is mildly undulating to undulating.
The four experiments were conducted in two pairs, in two seasons. Experiment 1 took place from April 17 to September 9, 2003, when tomato was the main crop, followed by lettuce. The latter was transplanted at 0, 10, 20 and 30 DAT tomato. In each of these experiments, lettuce was also singly cultivated aiming to detect possible environment differences that could influence the behavior of plants. Experiment 2 took place between January 30 and May 27, 2004, and consisted of the same treatments as those of experiment 1. In experiment 3, which was carried out from April 17 to September 23, 2003, tomato was the secondary crop and lettuce the main one. Transplantings in experiment 3 were made at the same time intervals used in experiments 1 and 2. Experiment 4 took place from January 30 to June 24, 2004 , and consisted in a re-evaluation of the treatments of experiment 3 (Table I ). Each experiment was carried out using a randomized complete block design. Experiments 1 and 2 had eight and five replications, respectively; experiments 3 and 4 were made with ten replications each.
The experimental units (plant beds) were made up of 10 plants of tomato and 40 plants of lettuce, totalizing an area of 3 m 2 (1.20 × 2.5 m). The tomato and lettuce plants used for evaluating the characteristics under study were six and 20 plants taken from the central portion of the plant bed, respectively. Prior to the beginning of the experiments, chemical analyses of the soil of greenhouses were performed and the results are given in Table II. In the four experiments, liming and fertilizing the soil for the intercropping and sole cropping treatments of tomato were carried out based on the recommendations of Trani et al. (1997a) . Calcined lime was used with a relative total neutralizing power of 122%, along with the fertilizers ammonium nitrate, simple superphosphate and potassium chloride. Both for tomato and lettuce, fertilizer doses were applied by side-dressing, as recommended by Trani et al. (1997a, b) .
Cultivars Debora Max F 1 and Vera of tomato and lettuce, respectively, were used in this experiment. Seedlings of tomato and lettuce were grown in 128 and 288 cell trays, respectively. Lettuce plantlets with four leaves above the cotyledons were transplanted to rows 0.30 m apart with a distance of 0.25 m between plantlets. Tomato plants, also with four leaves above the cotyledons, were transplanted so as to fit a spacing of 1.20 m between double rows, 0.60 m between single rows and 0.50 m between plants in a row.
Tomato and lettuce growth and harvesting periods in the different intercroppings and cropping seasons are shown in Tables III and IV. The plants were staked with plastic strips and disposed perpendicularly to the ground. The strip was tied to wires placed parallel to the ground, the first one situated close to the ground and the second at a height of 2 m. The upper wire was supported by poles and bamboo sticks. Pruning was always done when necessary, eliminating the smallest buds.
LUE index was calculated by the formula proposed by Harwood (1973) and cited by Hiebsch and McCollum (1987) :
where: Y c, i = the productivity of crop "i" in the intercropping (c), and Y m, i = the productivity of crop "i" when cropped singly (m). A combined analysis for each cropping season of the experiments of transplanting lettuce after tomato and of transplanting tomato after lettuce was conducted, and the comparison of the means of the cropping season and transplanting times was made by means of the Tukey test. Later, a regression analysis was performed for the LUE index, in each cropping season, according to the transplanting times of lettuce (-30 to +30 days) in relation to tomato, which correspond to the whole duration of the four experiments. Thus, the treatments of experiments 3 and 4, that is, those in which tomato was transplanted at 0, 10, 20 and 30 DAT lettuce were considered, for the purpose of the statistical analysis, as correspondents, respectively, to 0, -10, -20 and -30 days from transplanting lettuce in relation to tomato. *days after the transplanting of tomato; **singly cultivated lettuce plots were harvested at the same dates as those submitted to intercropping; ***date of the last harvest. 12.4 13.3 *P <0.05; **P<0.01; ns = non significant at the level of 5% of probability.
RESULTS AND DISCUSSION
For the intercropping resulting from the transplanting of lettuce after tomato, the combined analysis of variance of the experiments conducted in two growing periods showed that the values of the LUE index (Table V) were significantly influenced by the interaction of cropping season and transplanting time.
In the first cropping season, except for the intercropping established with the transplanting of lettuce at 30 DAT tomato, the indices showed that, as to food production, intercropping as compared to sole cropping, was significantly advantageous (Table VI) . In intercroppings with transplanting lettuce up to 10 DAT tomato, the LUE index was 1.85. Therefore, to obtain the same amount of food as that produced in 1 ha of intercropping, it would be necessary an area of 1.85 ha of tomato and lettuce or, in other words, 0.925 ha for each species in sole cropping. Rezende et al. (2005) also observed a greater LUE (between 1.61 and 1.73) with intercrop- *DATT = days after the transplanting of tomato; **Means, in each column, followed by the same capital letter, are not significantly different at the 5% level of probability, according to the Tukey's test; ***Means, in each column, followed by the same small case letter, are not significantly different at the 5% level of probability, according to the Tukey's test.
pings of lettuce and tomato when transplanting was carried out even close to the transplanting of tomato. They showed that transplanting lettuce 14 DAT tomato resulted in a substantial reduction in the production of the intercropping and, consequently, in LUE, which lowered to 1.24 for transplantings carried out 28 days after tomato. Even with the intercropping established with the transplanting of lettuce 20 DAT tomato, the LUE was high (63%) probably due to the fact that, in this case, relative efficiency of productivity of lettuce in intercropping was 69% of that when sole cropped. However, the relative efficiency of lettuce in intercropping increased to 86% when intercropping was initiated at 10 DAT.
The reduction in the relative efficiency of lettuce in intercropping (Table VI) with later transplanting in relation to tomato demonstrated the harm it underwent due to its growth taking place in a more advanced period of the cycle of the tomato plants. This happens because tomato shading the lettuce plants hampered several of their biosynthetic processes, thus leading to a lower accumulation of mass. The loss of almost 30% in productivity of lettuce in intercropping established with its transplanting starting at 20 DAT of tomato in relation to that produced in sole cropping, reached up to 64% when the intercropping was established 10 days later. According to Andriolo (2000) , the most important component of the environment influencing the process of plant production is sunlight. The insufficient access of shaded plants to sunlight due to the occupation of the space by the dominant crop may lead to serious harm to the first, with sometimes lethal effects (Sinoquet and Caldwell 1995) . Productivity depends on the total production of biomass and its distribution different parts of the plant. Shading of a crop by the primary crop in intercropping reduces photosynthetic activity in the shaded plants, resulting in lower growth and productivity (Fukai and Trenbath 1993) .
Tomato contributed more than lettuce to the achievement of elevated LUE indices. Its participation in the index was greater when intercropping was established by the late transplanting of lettuce: it was of 54% when lettuce was transplanted up to 10 DAT tomato, *DATT = days after the transplanting of tomato. **Means, in each column, followed by the same capital letter, are not significantly different at the 5% level of probability, according to the Tukey's test; ***Means, in each column, followed by the same small case letter, are not significantly different at the 5% level of probability, according to the Tukey's test.
and 73.5% when lettuce transplanting took place at 30 DAT. In the first cropping season, lettuce in intercropping showed a high relative efficiency of 86% when transplanted up to 10 days after tomato in relation to its sole cultivation. On the other hand, lettuce plants of intercroppings established with transplanting at 30 DAT tomato had an etiolated appearance, with fewer leaves and leaf stem narrow and long, thus without quality for commercial purposes. Therefore, intercropping established in this season is not recommended, even though it shows an elevated LUE index (1.36), which would characterize a productivity advantage of intercropping over sole cropping. In the second cropping season (Table VII) , the indices were much lower than those of the first one. This was probably due to the greater number of rainy days (69 days) and shorter period of sun (1,275.8 h) in this cropping season compared to the first planting (27 days of rain and 1547 h of sun). The highest LUE value (1.44) was obtained when intercropping was established with the transplanting of the crops on the same day. From this point onwards, the land use efficiency showed a marked reduction with a variation of 13 to 24% higher than that for sole cropping. In intercropping systems established with the transplanting of lettuce after 20 DAT tomato, the commercial traits of lettuce yields were not considered adequate. These results were similar to those installed 10 days later (30 DAT tomato).
As in the first planting, tomato crop had a greater contribution in composing the LUE index (65% in the intercropping at 0 DAT and 79% in that established at 30 DAT). A small increase in the LUE index was observed between the intercroppings established at 10 and 30 DAT, which was due to the increase in the productivity of tomato.
Considering that in intercropping the aim is to maximize the productivity of the crops and that, in the second cultivation, the productivity of lettuce was markedly lowered (37%) when its transplanting was delayed 10 days after tomato (from 0 to 10 DAT) (Table VII), the recommendation of this experiment is that high yields are to be expected only when the crops are transplanted on the same day. *DATL = days after the transplanting of lettuce. **Means, in each column, followed by the same capital letter, are not significantly different at the 5% level of probability, according to the Tukey's test; ***Means, in each column, followed by the same small case letter, are not significantly different at the 5% level of probability, according to the Tukey's test.
According to the LUE indices shown by the intercroppings installed with the transplanting of lettuce up to 10 DAT tomato for the first cropping season (Table  VI) , and 0 DAT for the second one (Table VII) , intercropping of these two species can be considered advantageous compared to their sole cropping. Tomato and lettuce, under some of the conditions studied in this experiment, showed great complementarity in the use of available resources of the environment rather than interspecific competition.
For those cropping systems established with the transplanting of tomato after lettuce, the combined analysis of variance of experiments carried out in both growing seasons showed a significant interaction (P = 0,05) of the cropping season and time of transplanting tomato in relation to lettuce, that is, from the beginning of the intercropping (Table V) .
In the first cropping season, the LUE indices were very high, between 1.95 and 2.11 (Table VIII) compared to 1.76 to 1.95 for the second season (Table IX) , which correspond to increases in land use efficiency between 76 and 111%. Jett et al. (2005) found an LUE index of 1.4 when tomato was transplanted soon after the sowing of lettuce.
The relative contributions of tomato and lettuce to the LUE indices of the intercroppings established at 0, 10, 20, and 30 DAT lettuce were of 49 and 51%, 47 and 53%, 51 and 49%, and 49 and 51%, respectively. Thus, lettuce showed, with the exception of the intercropping established at 20 DAT lettuce, greater contributions to the composition of the LUE indices. In the second cropping season (January 30 to June 24, 2004) , lettuce contributed with 43, 44, 49, and 49%, respectively, to the LUE indices of the intercroppings established at 0, 10, 20 and 30 DAT of lettuce. Thus, under these conditions and also when the intercroppings were established with the transplanting of lettuce after tomato, the contribution of tomato was always greater than that of lettuce to the indices.
The delay in the transplanting of tomato contributed to increase lettuce productivity, permitting it to reach levels comparable to those of lettuce singly cultivated that contributed to increase the LUE indices. However, when tomato was placed close to lettuce, the LUE *DATL = days after the transplanting of lettuce. **Means, in each column, followed by the same capital letter, are not significantly different at the 5% level of probability, according to the Tukey's test; ***Means, in each column, followed by the same small case letter, are not significantly different at the 5% level of probability, according to the Tukey's test.
indices did not differ significantly. Thus, the intercroppings with the transplanting of tomato on the same day as lettuce resulted in high LUE indices and may therefore be recommended to producers. For each cropping season, a regression analysis of the LUE indices was performed. These indices resulted from the transplanting of lettuce (-30 to +30 days) in relation to the transplanting of tomato. It was found that, in the first cropping season, there was a quadratic fit of the values obtained for the land use efficiency. The latter together, with intercropping, was more than 100% higher than in sole cropping when intercropping was installed with transplantings of seedlings before and up to the same day of tomato transplanting ( Fig. 1) . From this point onward, as the period between the transplanting of lettuce in relation to the transplanting of tomato increased to 10, 20, and 30 days, efficiency declined to 87, 63 and 32%, respectively.
In the second cropping season, the fit was linear (Fig. 1) , demonstrating that there was a real difference of environment on the interaction of the crops. In intercroppings established with the transplanting of lettuce 30 days before tomato, land use efficiency was 105% more than that of the sole cropping, similar to what was observed in the first cropping season under the same conditions of intercropping. However, as lettuce transplanting was closer to that of tomato, efficiency decreased to 57% when intercropping was established with the transplanting of both crops on the same day.
The results herein reported are an indication that the recommendation of intercropping tomato and lettuce must consider the cultivation season. The transplanting time was shown to be an effective factor in increasing land use efficiency. Based on the indices, the advantage of intercropping over sole cropping, both in terms of productivity and the maintenance of product quality, guarantees the recommendation of this cropping system to vegetable growers. However, for the first cropping season, the transplanting time for lettuce may vary from 30 days before up to 20 days after tomato transplanting, whereas in the second season, the transplanting period is much shorter, that is between 0 and 30 days before the transplanting of tomato.
There was an effect of cropping season on the land use efficiency and, consequently, on the extent of agronomic advantage of intercropping as compared to sole cropping. In the cropping season from April to September, intercropping established with the transplanting of lettuce 30 days before up to 20 days after the transplanting of tomato yielded a land use efficiency between 63 and 122% higher than in sole cropping. In the cropping season from January to June, intercropping established with the transplanting of lettuce before tomato up to 30 days, gave a land use efficiency between 57 and 105% higher than that of sole cropping. Then, the intercropping established in the above-mentioned periods in both cropping seasons, was shown to be agronomically viable in relation to their sole cropping, and may thus be recommended. 
RESUMO

